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nomas of the breast, the bladder, and the male and female reproduc- 
tive systems. 

Clinical Toxicities. The clinical toxicity of vincristine is mostly 
neurol'ogical, as described above. The more severe neurological man- 
ifestations may be avoided or reversed by either suspending therapy 
or reducing the dosage upon occurrence of motor dysfunction. Severe 
constipation, sometimes resulting in colicky abdominal pain and 
obstruction, may be prevented by a prophylactic program of laxatives 
and hydrophilic agents and is usually a problem only with doses 
above 2 mg/ml 

Alopecia occurs in about 20% of patients given vincristine; 
however, it is always reversible, frequenUy without cessation of 
therapy. Although less common than with vinblastine, leukopenia 
may occur with vincristine, and thrombocytopenia, anemia, 
polyuria, dysuria, fever, and gastrointestinal symptoms have been 
reported occasionally. Ischemic cardiac toxicity has been reported. 
The syndrome of hyponatremia associated with high urinary con- 
centration of Na+ and inappropriate secretion of antidiuretic hor- 
mone occasionally has been observed during vincristine therapy. In 
view of the rapid action of the vinca alkaloids, it is advisable to take 
appropriate precautions to prevent the complication of hyper- 
uricemia. This can be accomplished by the administration of allo- 
purinol (see above). 



Vinorelbine 

Vinorelbine (navelbine) is administered in normal saline as an 
intravenous infusion of 30 mg/m^ given over 6 to 10 minutes. It is 
initially given every week until progression of disease or dose-Hm- 
iting toxicity when used alone. When used with cisplatin for the 
treatment of non-small cell lung carcinoma, it is given less fre- 
quently (every 4 to 6 weeks). Its primary toxicity is granulocytope- 
nia, with only modest thrombocytopenia and less neurotoxicity than 
other vinca alkaloids. In experimental studies, it has been given in 
an oral capsule, but bioavailability is only 30% to 40% (Fumoleau 



Paclitaxel 

This compound, first isolated from the bark of the Western 
yew tree in 1971 (Wani et al, 1971), exhibits unique phar- 
macological actions as an inhibitor of mitosis, differing 
from the vinca alkaloids and colchicine derivatives in that 
it promotes rather than inhibits microtubule formation. 
Following its introduction into clinical trial, the drug was 
approved for treatment of cisplatin-refractory ovarian can- 
cer in 1992 (Rowinsky et al., 1993; Rowinsky and Done- 
hower, 1995) and has promising activity against cancers of 
the breast, lung, esophagus, and head and neck. The opti- 
mal dose, schedule, and use in drug combinations are 
incompletely understood. 

Chemistry. Paclitaxel (taxol) is a diterpenoid compound that 
contains a complex taxane ring as its nucleus (Figure 51-13). The 
side chain linked to the taxane ring at carbon 13 is essential for its 
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Figure 51-13. Chemical structures of paclitaxel (taxol) and 
its more potent analog, docetaxel (taxotbrb). 



antimmor activity. Modification of the side chain has led to identi- 
fication of a more potent analog, docetaxel (TAXorERE) (Figure 
51-13), which has clinical activity against breast and ovarian cancers. 
Originally purified as the parent molecule from yew bark, paclitaxel 
can now be obtained for commercial purposes by semisynthesis from 
10-desacetyIbaccatin, a precursor found in yew leaves. It also has 
been successftiUy synthesized (Nicolau et al., 1994) from simple off- 
the-shelf reagents in a complex series of reactions. The molecule has 
very limited solubility and must be administered in a vehicle of 50% 
ethanol and 50% polyethoxylated castor oil (Cremophor EL), a for- 
mation likely responsible for a high rate of hypersensitivity reactions 
in patients not protected with both an Hi antihistamine agent such as 
diphenhydramine, an antihistamine agent such as cimetidine (see 
Chapter 25), and a corticosteroid such as dexamethasone (see 
Chapter 59), 

Mechanism of Action. Interest in paclitaxel was stimu- 
lated by the finding that the drug possessed the unique 
ability to promote microtubule formation at cold tempera- 
tures and in the absence of GTR It binds specifically to the 
^-tubulin subunit of microtubules and appears to antago- ; 
nize the disassembly of this key cytoskeletal protein, with 
the result that bundles of microtubules and aberrant struc- 
tures derived from microtubules appear in paclitaxel-treat- 
ed cells. Arrest in mitosis follows. Cell killing is dependent 
on both drug concentrations and duration of cell exposure. 
Drugs that block the progression of cells through DNA 
synthesis and into mitosis antagonize the toxic effects of: 
paclitaxel. Schedules for its optimal use in combination 
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with other drugs, including doxorubicin and cisplatin, have 
not yet been defined, although the sequence of cisplatin 
preceding paclitaxel produces greater toxicity than the 
opposite schedule (Rowinsky et al, 1991). Doxorubicin 
preceding paclitaxel leads to greater toxicity and less in 
vitro therapeutic effect than the opposite sequence. 

In cultured tumor cells, resistance to paclitaxel is 
associated in some lines with increased expression of the 
mdr-\ gene and its product, the P-glycoprotein; other resis- 
tant cells have tubulin mutations, and these latter cells may 
display heightened sensitivity to vinca alkaloids (Cabral, 
1983). The basis of clinical drug resistance is not known. ' 

Absorption, Fate, and Excretion. Paclitaxel is administered as a 
3-hour or 24-hour infusion. Longer infusions (96 hours) have yield- 
ed high response rates in breast cancer patients in preHminary trials 
(Wilson et al, 1994). The drug undergoes intensive P450-mediated 
hepatic metabolism (isoenzymes CYP3A and CYP2C), and less than 
10% of a dose is excreted in the urine intact. The primary metabolite 
Identified thus far is 6-OH paclitaxel, but multiple additional prod- 
ucts are found in urine and plasma (Cresteil et al, 1994). 

Paclitaxel clearance is saturable and decreases with increasing 
dose or dose rate (Table 51-3). In studies of 96-hour infusion of 35 
mg/m per day, the presence of hepatic metastases greater than 2 cm 
in diameter decreased clearance and led to high drug levels in plasma 
and greater rayelosuppression. Paclitaxel disappears from the plasma 
compartment with half-lives of approximately 0.2. 2, and 20 hours. 
The critical plasma concentration for inhibiting bone marrow ele- 
ments depends on duration of exposure but likely lies in the range of 
0.01 to 0.1 (Huizing «2 a/., 1993). 

While precise guidelines for dose reduction in patients with 
abnormal hepatic function have not been established, 50% to 75% 
doses should be used in the presence of hepatic metastases greater 
than 2 cm in size or in patients with abnormal serum bilirubin. 



Therapeutic Uses. Paclitaxel has undergone initial 
phases of testing in patients with metastatic ovarian and 
breast cancer; it has significant activity in both diseases, 
including diseases in patients that have progressed on stan- 
dard primary combination regimens. Response rates in 
relapsed patients range firom 20% to 50%, depending on 
the treatment history and the regimen employed. Early tri- 
als indicate significant response rates in lung, head and 



neck, esophageal, and bladder carcinomas as well (Arbuck 
et al, 1993). The optimal schedule of paclitaxel adminis- 
tration, alone or in combination with other drugs, has not 
been defined. 

Clinical Toxicities. Paclitaxel exerts its primary toxic effects on the 
bone marrow. Neutropenia usually occurs 8 to 11 days after a dose 
and reverses rapidly by days 15 to 21. Used with G-CSF doses as 
high as 250 mg/m2 over 24 hours are well tolerated, and peripheral 
neuropathy becomes dose-limiting (Kohn et al, 1994) Many 
patients experience myalgias for several days after receiving pacli- 
taxel. In high-dose schedules, a stocking-glove sensory neuropathy 
can be disabling, particularly in patients with underlying diabetic or 
alcoholic neuropathy. Mucositis is prominent in 72- or 96-hour infu- 

Hypersensitivity reactions occurred in patients receiving pacli- 
taxel infusions of short duration (1 to 6 hours) but have largely been 
averted by pretreatment with dexamethasone, diphenhydramine, and 
cimetidine, as noted above. Premedication is not necessary with 96- 
hour infusion. Many patients experience asymptomatic bradycardia 
and occasional episodes of silent ventricular tachycardia also occur 
and resolve spontaneously during 3- or 24-hour infusions. 



EPIPODOPHYLLOTOXINS 

Podophyllotoxin, extracted from the mandrake plant 
(mayapple; Podophyllum peltatum), was used as a folk 
remedy by the American Indians and early colonists for its 
emetic, cathartic, and anthelmintic effects. Two semisyn- 
thetic glycosides of the active principle, podophyllotoxin, 
have been developed that show significant therapeutic 
activity in several human neoplasms, including pediatric 
leukemia, small ceU carcinomas of the lung, testicular 
tumors, Hodgkin's disease, and large cell lymphomas. 
These derivatives are referred to as etoposide (VP- 16-2 13) 
and teniposide (VM-26). Although podophyUotoxin binds 
to tubulin at a site distinct from that for interaction with the 
vinca alkaloids, etoposide and teniposide have no effect on 
microtubular structure or function at usual concentrations. 
(For review of the epipodophyllotoxins, see Pommier et al.. 
1995). 



Table 51-3 

Paclitaxel Clearance as a Function of Drug Infusion Rate 



1. 175 mg/m^ over 3 hours 



INFUSION RATE, PLASMA CLEARANCE, 

mg/m^ PER HOUR ml/min per m^ 

212 



2. 175 mg/m^ over 24 hours 7 393 

3. 140 mg/m^ over 96 hours 1.5 



